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(54) Mobile communication system for providing IP packet communications and method for 
routing IP packets 



(57) A plurality of packet gate ways (PQWs) are 
connected between a mobile communication system 
(101) and an internet (109) so that the corresponding IP 
subnetworks (1 10) to those PGWs may be built. A visi- 
tor location register (VLR) operates to notify the PGW of 
location information of the mobile station (MS) and an IP 
address of a data terminal connected with the MS. If the 
notified IP address belongs to another IP subnetwork, 



the PGW notifies the corresponding PGW to that IP 
subnetwork of a fact that the local PGW is a destination. 
The PGW operates to manage the location information 
of the MS connected with the data terminal based on 
the notified content and perform the packet routing 
based on the managed content. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a mobile com- s 
munication system arranged to provide IP packet com- 
munications, and more particularly to a method for 
routing IP packets which allows any data terminal for 
doing IP packet communications between IP networks 
to keep itsetf in communication without changing an IP io 
address allocated to it 

[0002] A mobile communication system, represented 
as a cellular phone system, has been mainly used as 
phones. In parallel, the mobile communication system is 
being increasingly implemented as the use of a short is 
message with data communications. With recent prevail 
of a data terminal such as a note-sized personal com- 
puter to be easily carried and increase of functions of a 
mobile station such as a mobile phone, a request has 
been rising for connecting a mobile station to an IP net- 20 
work such as a LAN in an enterprise or an internet. 
[0003] Under this condition, a packet communication 
(DoPa) system of 28.8 Kbps has started in a personal 
digital cellular (PDC) on March 1997 in Japan. This sys- 
tem is standardized as PDC mobile packet communica- 25 
tion system (PDC-P) by the ARIB (Association of Radio 
Industries and Businesses). 

[0004] The system is mainly used for connecting with 
an in-house LAN and an internet provider. The data ter- 
minal has an IP address for supporting a fixed address 30 
and a dynamic address. The supported fixed address 
enables the PDC to use an in-house private address. 
[0005] The PDC system may accommodate lots of in- 
house LANs and providers. However, it limits a connect- 
ing destination of each mobile station (end user) to a 35 
pre-registered network. That is, the connecting point of 
the mobile station in the in-house LAN or the internet 
provider is fixed. The data terminal may directly use the 
application running on the IP, so that in the PDC it uses 
a protocol called the PPP (Point-to-Point Protocol) on 40 
the transfer protocol inside of the PDC network for real- 
izing transfer of the IP packets. 

[0006] On the other hand, the mobile IP regulated in 
the standard advisory document RFC (Request For 
Comments) 2002 of the IETF (Internet Engineering 45 
Task Force) has been proposed for the purpose of real- 
izing the movement-transparent IP communication. The 
mobile communication system such as a cellular sys- 
tem uses an identifier of a mobile station or a user for 
managing movement of the mobile station. On the other so 
hand, the mobile IP has a home agent function and a 
foreign agent for each subnetwork The mobile IP man- 
ages the movement of an IP address of a data terminal 
connected to the mobile station, for realizing transfer of 
IP packets in an end-to-end manner. 55 
[0007] The mobile IP manages the movement with the 
IP address of the fixed data terminal as a base, while 
the system for wirelessly transferring packets as dis- 



closed in JP-A-9-326805 is executed to assign the cor- 
responding IP address to a destination wireless system 
to each data terminal without assigning the fixed IP 
address to each data terminal. This disclosure has fur- 
ther proposed a system for managing the assigned IP 
address in correspondence to the mobile station con- 
nected with the data terminal or a user identifier in a 
home network to which the data terminal belongs and 
obtaining an IP address of a destination from the home 
network when transferring data. 

SUMMARY OF THE INVENTION 

[0008] The mobile communication system may imple- 
ment a transfer rate of 384 Kbps as a minimum rate in a 
wide range environment by means of a new wide-band 
access technique at a radio frequency of 2 GHz. In the 
indoor environment, the system may implement a trans- 
fer rate of 2 Mbps as a maximum rate. This indicates the 
implementation of fast data communications in this 
mobile communication system. Accordingly, it is pre- 
sumed that the user's request for the mobile communi- 
cation system is gradually changed from fast internet 
access to transfer of multimedia data, transfer of real- 
time video data, and then a virtual private network. The 
data communication is hence indispensable to the 
mobile communication system. 
[0009] In the near future, the technical and social posi- 
tion of the data communication is changed from an addi- 
tional service to a phone system to the corresponding 
service to the phone system itself, so that more persons 
are likely to use the data communication. In particular, 
the connection with the internet is an essential function 
to the packet data communication service. 
[001 0] In the PDC-P system, each mobile station (end 
user) has the corresponding fixed route to the in-house 
LAN or the internet. Hence, the PDC-P system has a 
first problem that it limits the access to the IP network 
and has difficulty in entering the global roaming. 
[0011 ] As a second problem, if a mobile IP is applied 
to the existing mobile communication system, the PDC- 
P system is required to perform the double methods, 
that is, the existing method for managing movement of a 
mobile station and a new method for managing move- 
ment of a data terminal with an IP address. This means 
an increase of an overhead in managing movement of a 
mobile station. 

[0012] Today, the internet is mainly used for send and 
receive of mails and access to the World Wide Web. In 
coming several years, the internet will be newly used for 
information distribution by the push technique or down- 
load of an application from an object store server. In 
particular, about the information distribution, attention 
should be paid to the change of the data transfer proc- 
ess from the current data terminal initiative to the com- 
ing network initiative. 

[0013] Considering these ways of use, the system for 
assigning to each data terminal the corresponding IP 
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address to the destination, as proposed in JP-A-9- 
326805, has the following problems. If the data transfer 
is started from the network, the access to the home net- 
work is required for obtaining the IP address of the data 
terminal. Hence, the system disclosed in JP-A-9- 5 
326805 is required to solve the problem for reducing an 
overhead burdened in retrieving the IP address as well 
as obtaining the latest IP address of the terminal from a 
fixed IP network such as the internet. 
[001 4] It is therefore an obj ect of the present invention 1 0 
to provide implementation of IP packet transfer through 
an efficient route in a mobile communication system. 
[001 5] It is a further object of the present invention to 
provide implementations of IP packet transfer based on 
the existing management of movement in a mobile com- 15 
munication system and start of the packet transfer ena- 
bled by a network. 

[001 6] According to a feature of the present invention, 
plural contacts are provided between the mobile com- 
munication system and the IP network The connection 20 
of the mobile communication system at each of the con- 
tacts is executed by a packet gate way having a router 
function so that an area of the mobile communication 
system is arranged of plural IP subnetworks in corre- 
spondence to the packet gate ways located inside of the 25 
mobile communication system. 
[0017] Accordng to another feature of the present 
invention, a request for registering a location of a mobile 
station includes an IP address of a data terminal con- 
nected to the mobile station. A visitor location register 30 
manages both the location information of the mobile 
station and the IP address of the data terminal con- 
nected with the mobile station. Together with it, an area 
of the mobile communication system is divided into plu- 
ral IP subnetworks so that the location information of the 35 
mobile station and the IP address of the data terminal 
connected to the mobile station are notified to the corre- 
sponding packet way to the IP subnetwork where the 
mobile station is located (IP subnetwork containing a 
radio cell where the mobile station is located). 40 
[0018] Accordng to another feature of the present 
invention, the packet gate way manages the IP address 
and the location information notified from the visitor 
location register. If the notified IP address does not 
belong to the corresponding IP subnetwork to the 45 
packet gate way the packet gate way (home packet 
gate way) corresponding to the IP subnetwork where 
the notified IP address belongs is identified. The notified 
IP address and the IP address of the packet gate way 
(that corresponds to the destination packet gate way as so 
viewed from the home packet gate way) are notified to 
the identified home packet gate way. 
[0019] Accordng to another feature of the present 
invention, when receiving the IP packet, the packet gate 
way compares the IP address of the sending destination 55 
with the IP address managed by the packet gate way 
itself in correspondence to the location intonation. If the 
packet gate way itself manages the IP address that 



matches to the received IP address, the IP packet is 
transferred on the corresponding location information to 
the IP address. As a result of the comparison, if the 
received IP packet is determined to be the IP packet 
destined for the data terminal connected to the mobile 
station moved to the corresponding IP subnetwork to 
another packet gate way, the IP packet is transferred to 
the destination packet gate way. 
[0020] Accordng to another feature of the invention, 
plural packet gate ways are connected between the 
mobile communication system and the IP network. 
Hence, the corresponding IP subnetworks to the packet 
gate ways may be built in the mobile communication 
system. 

[0021] In this type of mobile communication system, 
the send and receive of IP packets to and from the data 
terminal connected to the mobile station is executed by 
the conesponding packet gate way to the IP subnetwork 
where the mobile station is located. Considering the 
increase of the users of the data communication in the 
near future, the transfer of IP packets may be imple- 
mented through an efficient route. 
[0022] According to another feature of the invention, 
the request for registering a location of the mobile sta- 
tion contains the IP address of the data terminal con- 
nected to the mobile station. This results in 
implementing the transfer of IP packets based on the 
existing management of the movement of the mobile 
communication system. Further, since the IP address 
may be fixed to each data terminal, the packet transfer 
may be started by the network initiative. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is a diagram showing an arrangement of a 
mobile communication system according to a first 
embodiment of the present invention; 
Fig. 2 is a block diagram showing hardware of a 
packet gate way (PGW) included in the first embod- 
iment; 

Fig. 3 is a table showing a home packet routing 
table located in a cache memory of a managing unit 
of the packet gate way (PGW) included in the first 
embodiment; 

Fig. 4 is a table showing a visitor packet routing 
table located in a cache memory of a managing unit 
of the packet gate way (PGW) included in the first 
embodiment; 

Fig. 5 is a block diagram showing hardware of a vis- 
itor location register (VLR) included in the first 
embodiment; 

Fig. 6 is a table showing a terminal location manag- 
ing table for managing the visitor location register 
(VLR) included in the first embodiment; 
Fig. 7 is a view showing a sequence for registering 
a location of a mobile station (MS) included in the 
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first embodiment; 

Fig. 8 is a flowchart showing a process for receiving 
a location registering request to be executed by the 
visitor location register (VLR) included in the first 
embodiment; s 
Fig. 9 is a flowchart showing a process for receiving 
a request for registering location information to be 
executed by the packet gate way (PGW) included in 
the first embodiment; 

Fig. 10 is a flowchart showing a process for receiv- io 
ing a notice for moving information to be executed 
by the packet gate way (PGW) included in the first 
embodiment; 

Fig. 1 1 is a view showing a sequence for a process 
for registering a roaming location of the visitor loca- 
tion register (VLR) included in the first embodiment; 
Fig. 12 is a view showing a sequence for a process 
for updating location information of a mobile station 
(MS) included in the first embodiment; 
Fig. 13 is a flowchart showing a process for receiv- 
ing a request for updating a location to be executed 
by the visitor location register (VLR) included in the 
first embodiment; 

Figs. 14A to 14D are views showing sequences for 
four possible packet routings in the packet gate way 
(PGW) if an IP packet is received from the mobile 
station (MS); 

Figs. 15A and 15B are views showing two possible 
packet routings in the packet gate way (PGW) if an 
IP packet is received from the internet; 
Fig. 16 is a flowchart showing a process for receiv- 
ing an IP packet to be executed by the packet gate 
way (PGW) included in the first embodiment; 
Fig. 17 a flowchart showing a packet routing proc- 
ess to be executed at a step 1605 of Fig. 16; 
Fig. 1 8 is a flowchart showing a process for receiv- 
ing a transfer packet to be executed at a step 1604 
of Fig. 16; 

Fig. 19 is a flowchart showing a process for receiv- 
ing an IP packet to be executed by the packet gate 
way (PGW) included in the first embodiment; 
Fig. 20 is a diagram showing an arrangement of a 
mobile communication system according to a sec- 
ond embodiment of the present invention; and 
Fig. 21 is a flowchart showing a process for receiv- 
ing a request for registering location information to 
be executed by the packet gate way (PGW) 
included in the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0024] Hereafter, the present invention will be 
described along the embodiments with reference to the 
appended drawings. 

[0025] At first, the description will be oriented to a first 
embodiment of the present invention with reference to 
Figs. 1 to 19. 
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[0026] Fig. 1 shows an arrangement of a mobile com- 
munication system included in the first embodiment of 
the invention. 

[0027] As shown in Fig. 1, a mobile communication 
system 101 holds a plurality of mobile stations (each of 
which is referred to as an MS) 102. The mobile commu- 
nication system 101 includes a base station (referred to 
as a BS) 1 04 for sending and receiving a signal to and 
from the MS 102 located inside of a service area called 
a radio cell 103, a radio network controller (referred to a 
RNC) 105 for systematically managing these BS's 104, 
and a plurality of mobile switching center (referred to as 
a MSC) 1 06 connected to the RNC 1 05 and for compos- 
ing a mobile station core network. 
[0028] The mobile station core network provides vari- 
ous kinds of services including end-to-end call control, 
additional services, management of movement, and 
connection with a fixed network such as a PSTN (Public 
Switched Telephone Network). 

[0029] In Fig. 1 , as the components of the mobile sta- 
tion core network, only a visitor location register 
(referred to as a VLR) 107 concerned with the present 
invention is shown except the MSC 1 06. The VLR 1 07 is 
served for managing the movement of mobile terminals. 
Herein, the arrangement has a one-to-one correspond- 
ence between the VLR 107 and the MSC 106. The VLR 

107 is normally served to manage the location informa- 
tion of the mobile station. In this invention, however, the 
VLR 107 is served to manage the correspondence 
between an IP (for example, a phone number) of the 
mobile station and a data terminal 112 connected to the 
mobile station. 

[0030] As shown in Fig. 1 , the mobile communication 
system 101 according to the first embodiment is con- 
nected to an internet 1 09 that corresponds to the IP net- 
work through a plurality of packet gate ways (referred to 
PGWs) 108 each of which has a router function for the 
IP network and a packet routing function inside of the 
mobile communication system 101. 
[0031] The PGW 1 08 is connected to the VLR 1 07 and 
plural RNCs 1 05 as well as another PGW 1 08. This con- 
necting arrangement enables the overall service area 
as a mobile communication system having plural BS's 
104 controlled by the RNCs 105 connected to one PGW 

108 to build up one IP subnetwork 110. 

[0032] In Fig. 1 , one mobile communication system 
101 provides two PGW #A (108a) and PGW #B (108b) 
and thereby forms two IP subnetwork #A (1 10a) and IP 
subnetwork #B (1 10b) for these PGWs. 
[0033] In Fig. 1 , the BS 1 04 is located under the con- 
trol of the RNC 105. The RNC 105 may receive a signal 
from the MS 102 located inside of one radio cell 103. 
Both the BS 104 and the RNC 105 correspond to the 
foregoing device for configuring a radio cell. 
[0034] Fig. 2 shows a hardware diagram of PGW 1 08. 
[0035] In Fig. 2, the PGW 108 is arranged to have one 
or more routing units 220 and an RNC interface 230. 
Each of those components are connected through a 



25 



30 



35 



40 



45 



50 



4 



BNSDOCID: <EP 0963087A1_I_> 



7 EP 0 963 087 A1 



packet bus 240. 

[0036] As shown in Fig. 2, a managing unit 210 
includes a processor 212, a memory 211 for storing a 
program to executed by the processor 212, a cache 
memory 213 for storing a packet routing table to be dis- s 
cussed below, a buffer memory 214 for storing packets, 
a buffer memory controller 215, a hardcfisk controller 
216, andaharddisk217. 

[0037] The processor 212 operates to collect the rout- 
ing information and update the latest routing table by 10 
executing the program stored in the memory 21 1. At a 
time, the processor 212 also operates to collect the 
information of the MS 102 located in the IP subnetwork 
1 10 of the mobile communication system 101 and then 
update the packet routing table. Further, the processor is 
212 operates to do a packet routing process of transfer- 
ring IP packets between the internet 109 and the IP sub- 
network 110 based on the packet routing table by 
executing the program stored in the memory 21 1 . 
[0038] Further, the buffer memory controller 2 1 5 oper- 20 
ates to do a DMA (Direct Memory Access) transfer of 
packets to a cell-packet converter 233 included in the 
RNC interface unit 230 and control a packet bus 240. 
[0039] Moreover, as shown in Fig. 2, the routing unit 
220 includes a processor 222, a memory 221 for storing 25 
a program to be executed by the processor 222. a buffer 
memory 224, and a buffer memory controller 335. In 
addition, the routing unit 220 has a cache memory 223 
for storing a routing table required for fast retrieval and a 
port controller 226 for connecting to another router or 30 
the like. 

[0040] The processor 222 executes the program 
stored in the memory 221. According to the program, 
the processor 222 performs a routing process of select- 
ing the most approximate route on the internet 109 35 
based on the routing table. 

[0041 ] In Fig. 2, one port controller 226 serves to sup- 
port four ports. In the first embodiment, these four ports 
are used for connecting with another PGW 108. 
[0042] As shown in Fig. 2, the RNC interface unit 230 40 
serves to connect plural RNCs 105 with the VLR 107 
through an ATM line and includes a plurality of line l/Fs 
231 , a switch 232 for switching ATM lines, and a cell- 
packet converter 233. 

[0043] In the first embodiment a permanent virtual cir- 45 
curt (referred to as a PVC) for fixedly connecting with a 
destination is set between the VLR 107 and the PGW 
108. Between the PGW 108 and each BS 104, each 
PVC is set through the RNC 105. The transfer of IP 
packets between the BS 104 and the PGW 108 is exe- so 
cuted on this PVC. 

[0044] Figs. 3 and 4 show the packet routing tables 
located in the cache memory 213 included in the man- 
aging unit 210 of the PGW 108. 

[0045] The packet routing table is a table used for 55 
managing the moving information of the data terminal 
1 10 (in actual, the MS 102 connected with the data ter- 
minal 1 12) inside of the IP subnetwork 1 10 and between 
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the IP subnetworks 1 10. Fig. 3 shows a home packet 
routing table 301 for managing the location information 
of the MS 102 connected with the data terminal 112 
having the IP address belonging to the local IP subnet- 
work 110, while Fig. 4 shows a visitor packet routing 
table 401 for managing the location information of one 
or more MS's 102 located in the local IP subnetwork, 
selected among the MS's 102 each of which has the 
data terminal having the IP address that does not 
belong to the local IP subnetwork 1 10. 
[0046] As shown in Fig. 3, the home packet routine 
table 301 is arranged to have an IP address 302 of the 
data terminal to which the local IP subnetwork 110 
belongs, the location information (for example, the radio 
cell identifier) 303 for indicating the radio cell located in 
the local IP subnetwork 110 rf the MS 102 connected 
with the corresponding data terminal 112 is located in 
the local IP subnetwork 110, and an IP address (desti- 
nation PGW address) 304 of the PGW 108 for manag- 
ing another IP subnetwork 1 10 if the MS 1 02 connected 
with the corresponding data terminal 112 is being 
moved to the IP subnetwork 110. 
[0047] Fig. 3 shows an example of a home packet 
routing table 301 in the PGW #A (108a). The MS #A 
(102a) connected with the data terminal 112a having 
the IP address 302 belonging to the local IP subnetwork 
#A (1 10a) is located in the radio cell #A (103a). The MS 
#C (1 02c) connected with the data terminal 1 1 2c having 
the IP address 302 belonging to the local IP subnetwork 
#A (1 10a) is being moved to another IP subnetwork #B 
(1 10b) managed by the PWG #B (108b). 
[0048] As shown in Fig. 4, the visitor packet routing 
table 401 is composed of the IP address 302 of the data 
terminal 112 connected to the MS 102 that does not 
belong to the local IP subnetwork 1 1 0 and the location 
information 303 for indicating the radio cell 103 at which 
the MS 102 connected to the data terminal 112 is 
located in the local IP subnetwork 1 1 0. 
[0049] Fig. 4 shows an example of the visitor packet 
routing table in the PGW #A (108a). The MS #D (102b) 
connected with the data terminal 11 2d having the IP 
address that does not belong to the local IP subnetwork 
#A (1 10a) is located in the radio cell #B (103b) in the 
local IP subnetwork #A (1 1 0a). 

[0050] Fig. 5 is a diagram showing the hardware of the 
VLR 107. 

[0051] As shown in Fig. 5, the VLR 107 includes a 
harddisk 501 for holding the location information and 
the subscriber's information of the MS 102, a harddisk 
controller 502, a memory 503 for storing a program for 
managing the location information and the subscriber's 
information of the MS 102, a processor 504 for execut- 
ing this program, an MSC interlace 504 through which 
the VLR 107 is connected to the MSC 106. and a PGW 
interface 506 through which the VLR 107 is connected 
with the PGW 108. Those components are connected 
with each other through an internal bus. 
[0052] In the first embodiment, the PGW interface 506 
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of the VLR 107 is connected to the ATM line. 

[0053] Fig. 6 shows a terminal location managing 

table managed by the VLR. 

[0054] As shown in Fig. 6, the terminal location man- 
aging table 601 is a table for managing the information s 
of each MS 102 located in the visitor area managed by 
the VLR 107. The table 601 is held in the harddisk 501 
of the VLR 107 and is sequentially rewritten along the 
movement of the MS 1 02. 

[0055] The terminal location managing table 601 is 10 
composed of a mobile station user ID (theoretically, for 
example, a phone number of the mobile station) 602, 
the IP address 302 of the data terminal 1 12 connected 
with the MS 1 02, and the location information (for exam- 
ple, the radio cell identifier) 303 for indicating the radio is 
cell 103 where the MS 102 is located. 
[0056] Fig. 6 shows an example of the mobile station 
location managing table 601 located in the VLR #A 
(107a). The MS #A (102a) to which the mobile station 
user ID 602 referred to as TMUI#A N is assigned is 20 
located in the radio cell #A (103a). The MS #B (102b) to 
which the mobile station user ID 602 referred to as 
TMUI#B" is assigned is located in the radio cell #B 
(103b). 

[0057] The first embodiment is arranged on the sup- 25 
position that the mobile communication system 101 is a 
next-generation mobile communication system ITM- 
2000 (International Mobile Telecommunication 2000). 
From a view of safety, in order to avoid transmission of 
proper information to the MS 102 in the radio interval, 30 
the VLR 106 operates to assign the mobile station user 
ID (TMUI: Temporary Mobile User Identity) 602 to each 
MS 102 so that the MS 102 may be identified on the 
mobile station user ID 602 as will be discussed below. 
[0058] Hereafter, the description will be oriented to a 35 
procedure for registering the location and a procedure 
for transferring packets in the first embodiment. 
[0059] in the first embodiment, when a certain MS 1 02 
issues a request for registering the location to the VLR 
107, the VLR 107 rewrites the location information 303 40 
of the mobile station location information table 601 . As a 
feature of the invention, the rewritten location informa- 
tion 303 is transmitted to the PGW 1 08 for managing the 
IP subnetwork 110 containing the radio cell 103 indi- 
cated by the location information 303 itself. In response, 45 
the PGW 108 having received the rewritten location 
information 303 operates to update the packet routing 
table 601 based on the location information 303 trans- 
mitted from the VLR 107, for realizing the packet send 
from the MS 102 or the packet receive in the MS 102. so 
[0060] Fig. 7 shows the sequence of registering the 
location of the MS 102. 

[0061] As shown in Fig. 7, the process for registering 
the location is started when the MS 102 sends the 
request for registering the location to the MSC 106 55 
through the BS 104. In the first embodiment, the request 
for registering the location, which is sent from the MS 
102, contains the mobile station user ID 602 and the IP 



57 A1 10 

address 302 of the data terminal 1 12 connected to the 
MS 102. Herein, the mobile station user ID 602 is 
obtained by the previous process for registering the 
location or for updating the location as will be discussed 
below. 

[0062] When the MSC 106 receives a request for 
receiving the location from the MS 102, the MSC 106 
operates to transmit the request for registering the loca- 
tion with the location information 303 of the MS 102 
added thereto to the VLR 107 to the VLR 107 corre- 
sponding to the MSC 106 itself. 
[0063] Herein, the content of the process of receiving 
the request for registering the location executed by the 
VLR 107 will be described with reference to the flow- 
chart of Fig. 8. 

[0064] When the VLR 1 07 receives a request for reg- 
istrating the location from the MSC 106. the VLR 107 
performs the process of receiving the request for regis- 
tering the location. 

[0065] As shown in Fig. 8, in the process of receiving 
the request for registering the location, the VLR 107 
operates to distribute a user authentication and a code 
key to the MS 102 having requested the registration 
(step 801). 

[0066] Then, the VLR 107 determines whether or not 
the MS 102 is the roaming MS (that is. the MS managed 
by another VLR) based on the mobile station user ID 
602 (step 802). If it is the roaming MS, the MS 102 oper- 
ates to register the roaming location to the VLR (home 
location register of the MS 102) 107 that is managing 
the location information -and the subscriber's informa- 
tion of the MS 102 (step 803). The user profile of the MS 
102 is copied from the VLR 107 to the MS 102 itself 
(step 804). 

[0067] In succession, the VLR 1 07 operates to assign 
a new mobile station user ID 602 to the MS 102 (step 
805). Then, the VLR 107 registers the location informa- 
tion 303 of the MS 102 contained in the received 
request for registering the location, the IP address 302 
of the data terminal 1 1 2 connected to the MS 1 02 itself, 
and the new mobile station user ID 602 assigned at the 
step 805 in the mobile station location information table 
601 (step 806). 

[0068] Then, as shown in Fig. 7, the VLR 107 oper- 
ates to register to the MSC 106 a report about comple- 
tion of registering the location containing the new 
mobile station user ID 602 (step 807). This enables the 
report about completion of registering the location to be 
sent from the MSC 1 06 to the MS 1 02. The MS 1 02 can 
obtain the new mobile station user ID 602 from the 
report. Further, the VLR 107 operates to send to the 
corresponding PGW 1 08 to this VLR 1 07 the request for 
registering the location information containing the loca- 
tion information 303 and the IP address 302 so that the 
packet routing through the PGW 108 is made possible 
(step 808). If the MS 102 is moved from another IP sub- 
network, the PGW 108 having received the registration 
of the location information is served to transmit the infor- 
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the operation is executed to rewrite the destination 
PGW address 304 of the home packet routing table 301 
into the destination PGW address 304 contained in the 
received notice for moving information (step 1005). 
[0083] Fig. 1 1 is a view showing a sequence of a proc- 
ess of registering a roaming location of the VLR 107. 
[0084] According to the process as described above, 
the location information 303 having been set to the visi- 
tor packet routing table 401 in the PGW 108 before 
movement may be deleted by the process of registering 
the roaming location as shown in Fig. 1 1 . 
[0085] That is, as shown in Fig. 1 1 , when the home 
location register (referred to as an HLR) 107 that corre- 
sponds to the VLR where the MS 102 belongs receives 
the request for registering the roaming location, the 
request being transmitted from the destination VLR 107 
at the step 803 of Fig. 8, the HLR 107 operates to send 
the request for deleting a user profile to the VLR 107 at 
the previous location, that is, before movement. 
[0086] When the VLR 107 at the previous location 
receives the request for deleting the user profile from 
the HLF 107, the VLR 107 obtains the IP address 302 of 
the data terminal 112 connected with the relevant MS 
102 from the MS location information table 601 and 
sends the request for deleting the location information 
containing the obtained IP address 302 to the PGW 108 
before movement. 

[0087] When the PGW 1 08 before movement receives 
the request for deleting the location information from the 
VLR 107 before movement, the PGW 108 operates to 
delete the relevant IP address 302 and the relevant 
location information 303 from the visitor packet routing 
table 401. 

[0088] Fig. 12 shows the sequence of the process for 
updating the location information within the same IP 
packet subnetwork. 

[0089] As shown in Fig. 1, the MS 102 receives the 
location information broadcast from the BS 104. If the 
mismatch of the location information held by the MS 102 
to the broadcast location information is detected, the 
request for updating the location contained in the MS 
user ID 602 is sent to the MSG 106 through the BC 104. 
[0090] When the MSC 106 receives the request for 
updating the location from the MS 102, the MSC 106 
operates to send the request for updating the location 
with the location information 303 of the MS 102 added 
thereto to the corresponding VLR 1 07 to the MSC itself. 
[0091] Herein, the content of the process of receiving 
the request for updating the location to be executed by 
the VLR 107 will be described with reference to Fig. 13. 
[0092] When the VLR 107 receives the request for 
updating the location from the MSC 106, the VLR 107 
performs the process of receiving the request for updat- 
ing the location shown in Fig. 13. 
[0093] As shown in Fig. 13. like the process of receiv- 
ing the request for registering the location shown in Fig. 
8, in the process of receiving the request for updating 
the location, at first, the VLR 107 operates to distribute 



the user authentication and the code key to the MS 1 02 
(step 1301). 

[0094] In succession, the VLR 1 07 operates to assign 
a new MS user ID 602 to the MS 102 (step 1302). Then, 
5 the location information 303 contained in the received 
request for updating the location and the new MS user 
ID 602 assigned to the MS 102 at the step 1302 are 
written in the MS location information table 601 (step 
1303). 

10 [0095] Then, as shown in Fig. 12, the VLR 107 sends 
the report about completion of updating the location 
contained in the new MS user ID 602 to the MSC 106 
(step 1304). This report sent from the MSC 106 to the 
MS 102 enables the new MS user ID 602 to be notified 

is to the MS 102. 

[0096] Then, in order to notify the location update 
information of the PGW 108, the VLR 107 operates to 
send the IP address 302 corresponding to the new MS 
user ID 602 whose MS location information table 601 is 

20 updated at the step 1303 and the location information 
303 whose MS location information table 601 is updated 
at the step 1303 to the corresponding PGW 108 as the 
request for updating the location information (step 
1305). 

25 [0097] On the other hand, when the PGW 108 
receives the request for updating the location informa- 
tion from the VLR 107. if the IP address 302 contained 
in the received request for updating the location infor- 
mation belongs to another IP subnetwork 110, the loca- 

30 tion information 303 of the visitor packet routing table 
401 is rewritten into the- location information 303 con- 
tained in the received request for updating the location 
information. On the other hand, if it belongs to the local 
IP subnetwork 110. the location information 303 of the 

35 home packet routing table 301 is rewritten into the loca- 
tion information 303 contained in the received request 
for updating the location information. 
[0098] Then, the description will be oriented to the IP 
packet routing procedure using the home packet routing 

40 table 301 as the visitor packet routing table 401 created 
by the PGW 108 with reference to Figs. 14 to 19. 
[0099] Figs. 14A to 14D show the sequence of four 
possible patterns of packet routing to be considered by 
the PGW 108 if the PGW 108 receives the IP packet 

45 from the sending side MS 102 after the sending side 
data terminal (for example, 112a) having sent the IP 
packets has completed the access by using the destina- 
tion data terminal (for example, 112c) and the IP 
address. 

so [01 00] As shown in Fig. 1 4A. the first pattern indicates 
the case that on the completion of access the IP 
address of the destination data terminal 1 12 belongs to 
the same IP subnetwork 1 10 as the sending data termi- 
nal 1 1 2 and even at the time of transferring the IP pack- 

55 ets the MS 102 connected with the sending data 
terminal 112 is located within the relevant IP subnet- 
work 110. The location where the MS 102 connected 
with the sending side data terminal 1 1 2 is located within 
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the IP subnetwork 110 means that the MS 102 is 
located within the service area (the same radio cell 103) 
composing the relevant IP subnetwork 110. 
[0101] In this case, the MS 102 connected with the 
sending side data terminal 112 operates to send the IP 
packets to the PGW 108 through the BS 104 and the 
RNC 105. These IP packets are transferred to the MS 
1 02 connected with the destination data terminal 1 1 2 by 
the PGW 108 through the BS 104 and the RNC 105. 
[01 02] Further, as shown in Fig. 1 4B, the second pat- 
tern indicates the case that on the completion of 
access, the IP address of the destination data terminal 
112 belongs to the same IP subnetwork 110 as the 
sending data terminal 112 but at the time of transferring 
the IP packets, the MS 102 connected with the destina- 
tion data terminal 112 is being moved into another IP 
subnetwork 110. 

[0103] In this case, at first the IP packets are sent 
from the MS 102 connected with the sending side data 
terminal 112 to the PGW 108 through the BS 104 and 
the RNC 105. These IP packets are transferred from the 
PGW 108 to another PGW 108 for managing the desti- 
nation IP subnetwork 110 to which the MS 102 con- 
nected with the destination data terminal 1 12 is moved. 
Then, the IP packets are transferred to the MS 102 con- 
nected with the destination data terminal 112 through 
the BS 104 and the RNC 105 by means of the destina- 
tion PGW 108. 

[0104] As shown in Fig. 14C, the third pattern indi- 
cates the case that both upon completion of access and 
at the time of transferring the IP packets, the IP address 
of the destination data terminal 112 belongs to any one 
of the IP subnetworks 110 included in the mobile com- 
munication system 1 01 but does not belong to the same 
IP subnetwork 1 10 as the sending side data terminal. 
[0105] In this case, at first the IP packets are sent 
from the MS 102 connected with the sending side data 
terminal 112 to the PGW 108 through the BS 104 and 
the RNC 105. These IP packets are transferred from the 
PGW 1 08 to another PGW 1 08 for managing the IP sub- 
network 110 where the destination data terminal 112 
belongs. The destination PGW 108 enables the IP pack- 
ets to be transferred to the MS 102 connected with the 
destination data terminal 112 through the BS 104 and 
the RNC 105. 

[0106] As shown in Fig. 14D t the fourth pattern indi- 
cates the case that the IP address of the destination 
data terminal 112 does not belong to any one of the IP 
subnetworks 110 included in the mobile communication 
system 101. 

[01 07] In this case, the IP packets are transferred from 
the MS 102 connected with the destination data termi- 
nal 112 to the PGW 108 through the BS 104 and the 
RNC 105. Then, these IP packets are transferred from 
the PGW 108 to the internet 109. 
[0108] Figs. 15A and 15B show the sequence of two 
possible patterns of packet routing that may appear in 
the PGW 108 if the IP packet is received by the MS 102 



from the internet 109 after the data terminal 112 con- 
nected with the MS 102 has completed the access with 
the internet 109. 

[01 09] As shown in Fig. 1 5A, the first pattern indicates 
5 the case that at the time of transferring the IP packets 
from the internet 109, the MS 102 connected with the 
destination data terminal 112 is located within the IP 
subnetwork 110 managed by the home PGW itself. 
[01 10] In this case, the IP packets sent from the inter- 
to net 109 are transferred by the PGW 108 having 
received those packets to the MS 102 connected with 
the destination data terminal through the BS 104 and 
the RNC 105. 

[01 1 1 ] Further, as shown in Fig. 1 5B, the second pat- 
15 tern indicates the case that at the time of transferring 
the IP packet from the internet 109, the MS 102 con- 
nected with the destination data terminal 112 is being 
moved into another IP subnetwork 110. 
[0112] In this case, at first the IP packets sent from 
20 the internet 1 09 are transferred from the PGW 1 08 hav- 
ing received those packets into another PGW 108 for 
managing the IP subnetwork 1 10 to which the MS 102 
connected with the destination data terminal is being 
moved. The destination PGW 108 enables the IP pack- 
25 ets to be transferred to the MS 102 connected with the 
destination data terminal through the BS 104 and the 
RNC 105. 

[0113] Fig. 16 is a flowchart showing a process of 
receiving the IP packets to be executed by the PGW 
30 108. The process shown in Fig. 16 is executed by the 
managing unit 210 4ncluded in the PGW 108 and is 
started by the interrupt given by the routing unit 220 
when it receives the IP packet. 

[01 14] As shown in Fig. 1 6, in the process of receiving 

35 the IP packets, if the IP packets received from the rout- 
ing unit 220 contain the routing information received 
from the internet 109, the managing unit 210 of the 
PGW 108 operates to update the routing information 
required for realizing the router function (step 1602). In 

40 addition, the process of the step 1602 is likewise to the 
router function provided in the normal router. 
[01 15] If the IP packets received from the routing unit 
220 are those transferred from another PGW 108 (step 
1603), the managing unit 210 of the PGW 108 indicates 

45 that those IP packets are those to be transferred to the 
data terminal having an IP address that does not belong 
to the local IP subnetwork 110 and to the data terminal 
being moved into the local IP subnetwork 110. Hence, 
the process of receiving the packets (to be discussed 

so below) will be executed (step 1 603). 

[01 16] If the IP packets received from the routing unit 
220 are not those transferred from another PGW 108 
(step 1603). the managing unit 210 of the PGW 108 
indicates that those IP packets are to be sent to the data 

55 terminal having an IP address belonging to the local IP 
subnetwork 110. Hence, the packet routing process (to 
be discussed below) will be executed (step 1605). 
[0117] Herein, the description will be oriented to the 
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content of the packet routing process to be executed at 
the step 1605 of Fig. 16 with reference to the flowchart 
of Fig. 17. 

[01 18] As shown in Fig. 1 7, in the packet routing proc- 
ess, the managing unit 210 of the PGW 108 is served to 
retrieve the home packet routing table 301 with the des- 
tination address of the IP packets received from the 
routing unit 220 (step 1701). 

[0119] If no matched IP address 302 exists in the 
home packet routing table 301 (step 1 702), the IP pack- 
ets are discarded (step 1703). If a matched IP address 
302 exists in the home packet routing table 301 (step 
1702), it is checked if the corresponding location infor- 
mation 303 is set (step 1704). 

[0120] If the location information 303 is set (step 

1704) , it indicates that the destination data terminal is 
located within the local IP subnetwork 110. Hence, the 
managing unit 210 of the PGW 108 performs a paging 
process based on the set location information 303 (step 

1705) . The paging process is executed to grasp the BS 
104 for managing the radio cell 103 where the MS 102 
connected with the destination data terminal 112 is 
located. Then, on the PVC connected with this BS 104, 
the IP packets are sent through the RNC interface 204 
(step 1706). 

[0121] If no location information 303 is set (step 1 704). 
it indicates that the destination PGW address 304 is set 
and the destination data terminal is being moved to 
another IP subnetwork 100. Hence, the managing unit 
210 of the PGW 108 is served to IP-encapsulate the IP 
packets with the destination PGW address 304 as the 
destination address and then transfer the encapsulated 
packets to the destination PGW 1 08 through the routing 
unit 220 (step 1707). 

[0122] Next, the description will be oriented to the con- 
tent of the process of receiving the packets to be trans- 
ferred at the step 1604 of Fig. 16 with reference to the 
flowchart of Fig. 18. 

[0123] As shown in Fig. 1 8, in the process of receiving 
the to-be-transferred packets sent from another PGW 
108, at first, the managing unit 210 of the PGW 108 is 
served to extract the IP packets from the IP packet cap- 
sule received from the routing unit 220 (step 1801) and 
then retrieve the visitor packet routing table 401 with the 
destination address contained in the extracted IP pack- 
ets (step 1802). 

[0124] If no matched IP address 302 exists in the vis- 
itor packet routing table 401 (step 1 803), it indicates that 
the destination data terminal is not located within the 
local IP subnetwork 1 10. Hence, the managing unit 210 
of the PGW 108 is served to discard the IP packets 
(step 1804). 

[01 25] If a matched IP address 302 exists in the visitor 
packet routing table 401 (step 1803). it indicates that the 
destination data terminal is located within the local IP 
subnetwork 110. The managing unit 210 of the PGW 
108 is served to execute the paging process based on 
the corresponding location information 303 (step 1805). 



The paging process is executed to grasp the BS 104 
that manages the radio cell 103 where the MS 102 con- 
nected with the destination data terminal is located. 
Then, on the PVC connected with the BS 104. the man- 
5 aging unit 210 is further served to send the IP packets 
through the RNC interface 204. (step 1808). 
[0126] Fig. 19 is a flowchart showing a process of 
receiving the IP packets to be executed by the PGW 
108. 

10 [01 27] The process shown in Fig. 1 9 is to be executed 
by the managing unit 210 of the PGW 108. The process 
is started by the interrupt given from the RNC interface 
230. The interface 230 operates to receive ATM cells 
sent from the data terminal 1 1 2 connected with the MS 

is 1 02 located within the local IP subnetwork 110 and then 
convert them into the IP packets. 
[01 28] As shown in Fig. 1 9, in the process of receiving 
the IP packets, the managing unit 210 of the PGW 108 
is saved to determine if the IP packets received from 

20 the RNC interface 230 correspond to those received 
from the RNC 105 or those received from the VLR 107 
on the transfer path of the IP packets, that is, the PVC 
(step 1901). If those IP packets are received from the 
VLR 107, the managing unit 210 is served to execute 

25 any one of the process of receiving the request for reg- 
istering the location information as shown in Fig. 9. the 
process of receiving the notice for moving information 
as shown in Fig. 10, and the foregoing process of 
receiving the request for deleting the location informa- 

30 tion(step 1902). 

[0129] If the IP packets are received from the RNC 
105 (step 1901). the managing unit 210 of the PGW 108 
is served to check if the IP address of the IP subnetwork 
1 10 to be extracted from the destination address indi- 

35 cated in the IP packets corresponds to the IP address of 
the local IP subnetwork 100. This is for checking those 
packets are intended for the local IP subnetwork 100 
(step 1903). 

[01 30] If those IP packets are not for the local IP sub- 
40 network 110 (step 1903), the managing unit 210 of the 
PGW 108 is served to select the destination routing unit 
220 based on the routing table. A forward process is 
executed for the IP packets in the normal router. This 
forward process is intended for transferring the IP pack- 
45 ets to the relevant IP subnetwork 1 10 by transferring the 
IP packets to a buffer memory 224 of the selected rout- 
ing unit 220 (step 1904). 

[01 31 ] If those IP packets are for the local IP subnet- 
work 110 (step 1903), the managing unit 210 of the 

so PGW 108 is served to perform the packet routing proc- 
ess shown in Fig. 17 (step 1905). 
[0132] As described above, in the first embodiment, 
two or more PGWs 108 are connected between the 
mobile communication system 101 and the internet 

55 109. Hence, plural IP subnetworks 110 corresponding 
to the PGWs 108 may be built in the mobile communica- 
tion system 101. 

[0133] In the first embodiment, the request for regis- 
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content of the packet routing process to be executed at 
the step 1605 of Fig. 16 with reference to the flowchart 
of Fig. 17. 

[0118] As shown in Fig. 17, in the packet routing proc- 
ess, the managing unit 210 of the PGW 108 is served to 
retrieve the home packet routing table 301 with the des- 
tination address of the IP packets received from the 
routing unit 220 (step 1701). 

[0119] If no matched IP address 302 exists in the 
home packet routing table 301 (step 1 702), the IP pack- 
ets are discarded (step 1703). If a matched IP address 
302 exists in the home packet routing table 301 (step 
1702), it is checked if the corresponding location infor- 
mation 303 is set (step 1 704). 

[0120] K the location information 303 is set (step 

1704) , it indicates that the destination data terminal is 
located within the local IP subnetwork 110. Hence, the 
managing unit 210 of the PGW 108 performs a paging 
process based on the set location information 303 (step 

1705) . The paging process is executed to grasp the BS 
104 for managing the radio cell 103 where the MS 102 
connected with the destination data terminal 112 is 
located. Then, on the PVC connected with this BS 104, 
the IP packets are sent through the RNC interface 204 
(step 1706). 

[01 21 ] If no location information 303 is set (step 1 704), 
it indicates that the destination PGW address 304 is set 
and the destination data terminal is being moved to 
another IP subnetwork 100. Hence, the managing unit 
210 of the PGW 108 is served to IP -encapsulate the IP 
packets with the destination PGW address 304 as the 
destination address and then transfer the encapsulated 
packets to the destination PGW 1 08 through the routing 
unit 220 (step 1707). 

[0122] Next the description will be oriented to the con- 
tent of the process of receiving the packets to be trans- 
ferred at the step 1604 of Fig. 16 with reference to the 
flowchart of Fig. 18. 

[01 23] As shown in Fig. 1 8, in the process of receiving 
the to-be-transferred packets sent from another PGW 
108, at first, the managing unit 210 of the PGW 108 is 
served to extract the IP packets from the IP packet cap- 
sule received from the routing unit 220 (step 1801) and 
then retrieve the visitor packet routing table 401 with the 
destination address contained in the extracted IP pack- 
ets (step 1802). 

[0124] If no matched IP address 302 exists in the vis- 
itor packet routing table 401 (step 1 803), it indicates that 
the destination data terminal is not located within the 
local IP subnetwork 110. Hence, the managing unit 210 
of the PGW 108 is served to discard the IP packets 
(step 1804). 

[0125] If a matched IP address 302 exists in the visitor 
packet routing table 401 (step 1 803). it indicates that the 
destination data terminal is located within the local IP 
subnetwork 110. The managing unit 210 of the PGW 
108 is served to execute the paging process based on 
the corresponding location information 303 (step 1805). 



The paging process is executed to grasp the BS 104 
that manages the radio cell 103 where the MS 102 con- 
nected with the destination data terminal is located. 
Then, on the PVC connected with the BS 104, the man- 
5 aging unit 210 is further served to send the IP packets 
through the RNC interface 204. (step 1808). 
[0126] Fig. 19 is a flowchart showing a process of 
receiving the IP packets to be executed by the PGW 
108. 

io [01 27] The process shown in Fig. 1 9 is to be executed 
by the managing unit 210 of the PGW 108. The process 
is started by the interrupt given from the RNC interface 
230. The interface 230 operates to receive ATM cells 
sent from the data terminal 112 connected with the MS 

is 1 02 located within the local IP subnetwork 1 1 0 and then 
convert them into the IP packets. 

[01 28] As shown in Fig. 1 9, in the process of receiving 
the IP packets, the managing unit 210 of the PGW 108 
is served to determine if the IP packets received from 

20 the RNC interface 230 correspond to those received 
from the RNC 105 or those received from the VLR 107 
on the transfer path of the IP packets, that is, the PVC 
(step 1901). If those IP packets are received from the 
VLR 107, the managing unit 210 is served to execute 

25 any one of the process of receiving the request for reg- 
istering the location information as shown in Fig. 9, the 
process of receiving the notice for moving information 
as shown in Fig. 10. and the foregoing process of 
receiving the request for deleting the location informa- 

30 tion (step 1902). 

[0129] If the IP packets are received from the RNC 
105 (step 1901). the managing unit 210 of the PGW 108 
is served to check if the IP address of the IP subnetwork 
110 to be extracted from the destination address indi- 

35 cated in the IP packets corresponds to the IP address of 
the local IP subnetwork 100. This is for checking those 
packets are intended for the local IP subnetwork 100 
(step 1903). 

[0130] If those IP packets are not for the local IP sub- 
40 network 1 10 (step 1903), the managing unit 210 of the 
PGW 108 is served to select the destination routing unit 
220 based on the routing table. A forward process is 
executed for the IP packets in the normal router. This 
forward process is intended for transferring the IP pack- 
45 ets to the relevant IP subnetwork 1 10 by transferring the 
IP packets to a buffer memory 224 of the selected rout- 
ing unit 220 (step 1904). 

[0131] If those IP packets are for the local IP subnet- 
work 110 (step 1903), the managing unit 210 of the 

so PGW 108 is served to perform the packet routing proc- 
ess shown in Fig. 17 (step 1905). 
[0132] As described above, in the first embodiment, 
two or more PGWs 108 are connected between the 
mobile communication system 101 and the internet 

55 109. Hence, plural IP subnetworks 110 corresponding 
to the PGWs 108 may be built in the mobile communica- 
tion system 101. 

[0133] In the first embodiment, the request for regis- 
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tering the location provided from the MS 102 contains 
the IP address 302. At a time, the VLR 107 notifies the 
PGW 108 of the IP address 302 of the MS 102 and the 
location information 303 in the processes of registering 
the location and updating the location. Moreover, if the 
IP address 302 notified by the VLR 107 does not belong 
to the local IP subnetwork 110. the PGW 108 notifies 
the IP address 302 and the local IP address (destination 
PGW address 304) of the PGW 108 that manages the 
IP subnetwork 100 where the IP address 302 belongs. 
According to the first embodiment, therefore, even H the 
data terminal 1 1 2 is moved between the IP subnetworks 
110, the packet routing can be realized which may 
transmit the IP packets to the MS 102 connected to the 
data terminal 112. That is. the mobile communication 
system 101 being in communication with the internet 
109 may select an optimal path for an IP packet transfer 
from the MS 102 to the internet 109 or vice versa within 
the system itself. 

[0134] As described above, the arrangement accord- 
ing to the first embodiment allows the movement of the 
data terminal between the IP subnetworks 110 and 
accordingly the movement of the data terminal 112 
between the IP subnetworks 1 1 0 each of which belongs 
to another mobile communication system 101. 
[0135] Further, in the first embodiment, the IP packet 
transfer to the MS 102 is realized on the basis of the 
existing management of the movement of the mobile 
communication system 101. This thus eliminates a 
great overhead to be burdened to the management of 
the movement if the Mobile IP is applied to the mobile 
communication system 101. 

[0136] Also in the first embodiment, the IP address of 
the data terminal may be f ixed. This also thus eliminates 
the communication for obtaining the IP address of the 
data terminal if the IP packet transfer is done by the net- 
work initiative. 

[01 37] As will be obvious from the above description, 
in the first embodiment, the group of the MSs 102 
whose location information and subscriber's information 
are managed by the VLR 1 07 does not necessarily coin- 
cide with the group o1 the data terminals whose IP 
addresses are managed by the PGW 108. In the 
arrangement shown in Fig. 1 , hence, the location infor- 
mation and the subscriber's information of each of the 
MS's 102 held in the MCS 106 are managed by the cor- 
responding VLR 107 to the MCS 106. At a time, all the 
RNCs 1 05 connected to the MCS 106 are connected to 
one PGW 108. Hence, the overall service area whose 
call is controlled by one MCS 106 is arranged to coin- 
cide with the IP subnetwork 110 corresponding to one 
PGW 108. However, a certain installation of the RNC 
1 05 allows the RNC 1 05 connected to another MCS 1 06 
to be connected to one PGW 108. 
[0138] In turn, the description will be oriented to the 
second embodiment of the invention with reference to 
Figs. 20 to 21. 

[0139] In the foregoing first embodiment, the IP 



address of the data terminal 112 connected to the MS 
102 belongs to any IP subnetwork 1 10. That is, the IP 
address is required to be managed by any PGW 108. 
However, the data terminal whose IP address belongs 

5 to another IP network may be moved to the mobile com- 
munication system 101. in which the data terminal is 
connected to the MS 102 when it is in use. 
[0140] According to the second embodiment, if such a 
data terminal is connected to the MS 102 within the 

10 mobile communication system 101 when it is in use, the 
data terminal may make access to the IP network where 
the IP address of the data terminal belongs and the 
internet 109 without having to update the IP address of 
the data terminal. 

75 [0141] Fig. 20 shows an arrangement of the mobile 
communication system according to the second embod- 
iment of the invention. 

[0142] As shown in Fig. 20, like the mobile communi- 
cation system according to the first embodiment shown 
20 in Fig. 1 , the mobile communication system 101 accord- 
ing to the second embodiment accommodates plural 
MS's 102. 

[01 43] As shown in Fig. 20, the mobile communication 
system 101 according to the second embodiment is 
25 connected to the internet 1 09 through one PGW 1 08 so 
that one IP subnetwork 110 is arranged in the mobile 
communication system 101. 

[01 44] Herein, the PGW 1 08 has a foreign agent func- 
tion in the Mobile IP. 

30 [0145] Also herein, an in-house network 2002 is con- 
nected to the interneM09 through a router 2003 having 
a home agent function in the mobile IP. 
[0146] in the second embodiment, the data terminal 
2001 whose IP address belongs to the in-house net- 

35 work 2002 is moved to the mobile communication sys- 
tem where it is used without changing the IP address. 
[01 47] Also in the second embodiment, in the process 
for registering the location of the MS 102 connected 
with the data terminal 2001 to be done when the data 

40 terminal 2001 is moved to the mobile communication 
system 101, the PGW 108 performs a different process 
of receiving the request for registering the location infor- 
mation rather than the process done in the first embod- 
iment. That is, the arrangement of the second 

45 embodiment has a different process of receiving the 
request for registering the location information to be 
done by the PGW 108 from the arrangement of the first 
embodiment. 

[0148] Fig. 21 is a flowchart showing a process of 
so receiving a request for registering the location informa- 
tion to be done by the PGW 108. 
[01 49] As shown in Fig. 21 , in the process of receiving 
the request for registering the location information, the 
PGW 108 determines if the IP address 302 contained in 
55 the received request for registering the location informa- 
tion belongs to the local IP subnetwork 110, that is. the 
IP subnetwork managed by the PGW 108 itself (step 
2101). 
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[01 50] If it belongs to the local IP subnetwork 1 1 0, the 
similar process to that at the steps 902 to 904 ol Fig. 9 
is executed (steps 2102 to 2104). Further, if the IP 
address 302 contained in the received request for regis- 
tering the location information belongs to another IP 
subnetwork 110 (step 2101). the IP address 302 and 
the location information 303 contained in the received 
request for registering the location information may be 
registered in the visitor packet routing table 401 (step 
2105). 

[0151 ] Further, the PGW 1 08 operates to retrieve the 
PQW 108 for managing the IP subnetwork 110 where 
the IP address 302 belongs from a table 2200 in which 
the IP addresses of the IP subnetwork 110 to be 
extracted from the IP address 302 are located in corre- 
spondence to the IP addresses of the PGW 108 for 
managing the IP subnetwork 110 (step 2106). 
[01 52] If the PGW 1 08 may be retrieved (step 21 07), 
the data terminal connected to the MS 102 contains the 
IP address 302 that belongs to the IP subnetwork 1 1 0 of 
the mobile communication system 101. Hence, the 
PGW 108 performs the similar process to that at the 
step 907 in Fig. 9 (step 2108). 

[0153] On the other hand, if the PGW 108 cannot be 
retrieved at the step 2106, the PGW 108 determines 
that the data terminal connected to the MS 102 is 
moved from the IP network outside of the mobile com- 
munication system 101 through the internet 108. Then, 
the PGW 108 serves to do the foreign agent function 
(step 21 09). 

[0154] The foreign agent function of the PGW 108 is 
served to store the IP address of the data terminal 2001 
and transfer the address care of the foreign agent func- 
tion (IP address allocated to the foreign agent function 
itself) to the home agent function of the router 2003. 
[01 55] Hence, the PGW 1 08 may treat the data termi- 
nal 2001 as the data terminal having the IP address 
belonging to the local IP subnetwork 110 through the 
effect of the foreign agent function. Further, the router 
2003 enables to transfer the IP packets to be transferred 
to the data terminal 200 1 to the foreign agent function of 
the PGW 108 according to the address care of the for- 
eign agent function. It means that the PGW 108 can 
transfer the IP packets to the data terminal 2001 by 
doing the process of receiving the IP packets shown in 
Fig. 16. 

[0156] As described above, according to the second 
embodiment, the movement of the data terminal 2001 
from another IP network to the IP subnetwork 1 10 of the 
mobile communication system 101 may be realized 
without changing the IP address of the data terminal 
2001 . In this case, the data terminal 2001 may be oper- 
ated as if it would support the mobile IP to the router 
2003 without loading the program of the mobile IP. 
[01 57] In the foregoing embodiments, the mobile sta- 
tion connected with the data terminal is illustrated. How- 
ever, it is obvious to those skilled in the art that the 
invention may apply to the mobile station integrally con- 



nected with the data terminal. 
Claims 

5 1 . A mobile communication system, comprising: 

a plurality of internet protocol (IP) subnetworks 
(110a, 110b) located within an area of said 
mobile communication system (101) itself, 
10 each of said subnetworks containing at least 

one radio cell (103a-l03f) located within said 
area; 

a plurality of packet gate ways (PGWs), each of 
which is located in each of said IP subnetworks 
is and is connected to another IP network (109); 

and 

wherein each of said PGWs has a router func- 
tion of receiving an IP packet with an IP 
address specified thereto and in response 
20 thereto, sending said IP packet to a mobile sta- 

tion (102a, 102c, 102d) corresponding to said 
IP address. 

2. The mobile communication system as claimed in 
25 claim 1, wherein said mobile station includes 

means for notifying a mobile switching center 
located in said system of the IP address of a data 
terminal connected to said mobile station itself with 
an ID of said mobile station through a device for 
30 configuring a radio cell where said mobile station 
itself is located. - 

3. The mobile communication system as claimed in 
claim 1, wherein said mobile station includes 

35 means for notifying a mobile switching center 
located in said mobile communication system of the 
IP address of a data terminal connected with said 
mobile station with an ID of said mobile station 
through a device for configuring a radio cell where 

40 said mobile station is located. 

said mobile switching center includes means of 
notifying a visitor location register correspond- 
ing to said mobile station of an IP address noti- 

45 f led from said mobile station with an ID notified 

from said mobile station and location informa- 
tion for indicating a radio cell where said mobile 
station is located when said mobile station 
issues a request for registering the location, 

so and 

said visitor location register includes: 
means for managing the ID, the location infor- 
mation, and the IP address notified from said 
mobile switching center in a corresponding 

55 manner to one another; 

means for identifying a packet gate way corre- 
sponding to the IP subnetwork having the radio 
ceil where said mobile station having issued 
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the request for registering the location is 
located, based on the location information noti- 
fied from said mobile switching center; and 
means for notifying said identified packet gate 
way of said location information and said IP s 
address notified from said mobile switching 
center. 

The mobile communication system as claimed in 
claim 1 , wherein said mobile station includes: 10 

means for notifying a mobile switching center 
located in said mobile communication system 
of an ID of said mobile station itself through a 
device for configuring a radio cell where said 75 
mobile station is located when issuing a 
request for registering the location, and 
said mobile switching center includes: 
means for notifying a visitor location register 6. 
corresponding to said mobile station of the ID 20 
notified from said mobile station and the loca- 
tion information of said mobile station when 
said mobile station issues the request for regis- 
tering the location. 

said visitor location register includes: 25 
means for obtaining an IP address of a data 
terminal connected with said mobile station 
having said ID. based on the ID notified from 
said mobile switching center; 
means for managing the ID and the location 30 
information notified from said mobile switching 
center and said obtained IP address in a corre- 
sponding manner to one another; 
means for identifying the corresponding packet 
gate way to the IP subnetwork having a radio 35 
cell where said mobile station having issued 
the request for registering the location is 
located, based on the location information noti- 
fied from said mobile switching center; and 
means for notifying said identified packet gate 40 
way of said location information notified from 
said mobile switching center and said obtained 
IP address. 

The mobile communication system as claimed in as 
claim 4, wherein said mobile station includes: 

means for notifying the mobile switching center 
located in said mobile communication system 
of the ID of said mobile station through the so 
device for configuring a radio ceil where said 7. 
mobile station is located, 
said mobile switching center includes: 
means for notifying the visitor location register 
corresponding to said mobile station of the ID ss 
notified from said mobile station and the loca- 
tion information of said mobile station when 
said mobile station issues a request for updat- 



ing the location, and 
said visitor location register includes: 
means for updating the location information 
managed in correspondence to the ID notified 
from said mobile switching center into the loca- 
tion notified from said mobile switching center; 
means for identifying the corresponding packet 
gate way to the IP subnetwork having the radio 
cell where said mobile station having issued 
the request for updating the location is located, 
based on the location information notified from 
said mobile switching center; and 
means for notifying said identified packet gate 
way of the location information notified from 
said mobile switching center and the IP 
address managed in correspondence to the ID 
notified from said mobile switching center. 

The mobile communication system as claimed in 
claim 5, wherein each of said packet gate ways 
includes: 

means for managing the IP address and the 
location information notified from said visitor 
location register; 

means, if said IP address notified from said vis- 
itor location register does not belong to the cor- 
responding IP subnetwork to said visitor 
location register, for identifying another packet 
gate way corresponding to the IP subnetwork 
to which said IP address belongs; 
means for notifying said identified packet gate 
way of the IP address notified from said visitor 
location register and the local IP address; 
means for managing the IP address notified 
from another packet gate way and the IP 
address of said another packet gate way in a 
corresponding manner to each other; 
means, if the destination IP address of the 
received IP packet is managed in correspond- 
ence to the location information, tor transferring 
the received IP packet to said mobile station 
connected with the data terminal having said IP 
address; and 

means, if the destination IP address of said 
received IP packet is managed in a corre- 
sponding manner to the IP address of another 
packet gate way, for transferring said received 
IP packet to said another packet gate way. 

The mobile communication system as claimed in 
claim 6, wherein each of said packet gate ways is 
connected to a router having a foreign agent in a 
mobile IP specified by the RFC (Request For Com- 
ments) of the IETF (Internet Engineering Task 
Force) and a home agent function in said mobile IP, 
said router being used for another IP network rather 
than said IP network, and 



13 



25 



EP0 963 087 A1 



26 



having: 

means, if the IP address notified from said visi- 
tor location register does not belong to any of 
the IP subnetworks composed of said mobile s 
communication systems, for starting said for- 
eign agent function and notifying the home 
agent function of said router of said IP address 
and an address care of the foreign agent corre- 
sponding to the IP address allocated to the for- 10 
eign agent 

8. A packet gate way used in the mobile communica- 
tion system as claimed in claim 5, comprising: 

75 

means for receiving and managing from said 
visitor location register an IP address of a data 
terminal connected with a mobile station 
located within a radio cell contained in an IP 
subnetwork corresponding to said packet gate so 
way (referred to as a first mobile station) and 
location information for indicating a radio cell 
where said first mobile station is located; 
means, if the IP address received from said vis- 
itor location register does not belong to the cor- 25 
responding IP subnetwork, for notifying 
another packet gate way corresponding to the 
IP subnetwork where said IP address belongs 
of said IP address and the IP address of said 
packet gate way: 30 
about a mobile station (referred to as a second 
mobile station) connected with a data terminal 
whose IP address belongs to the correspond- 
ing IP subnetwork to said packet gate way and 
located within a radio cell contained in the IP 35 
subnetwork corresponding to another packet 
gate way, means for receiving and managing 
from said another packet gate way an IP 
address of the data terminal connected with 
said second mobile station and an IP address 40 
of said another packet gate way; 
means, if a destination of said IP packet is a 
data terminal connected with said first mobile 
station, for transferring the received IP packet 
to said f irst mobile station through a device for 45 
configuring a radio cell indicated by said loca- 
tion information managed about said first 
mobile station; and 

means, if a destination of said received IP 
packet is a data terminal connected with said so 
second mobile station, for transferring said 
received IP packet to another packet gate way 
for managing the IP address about said second 
mobile station. 

55 

9. A method for routing IP packets, comprising the 
steps of: 



connecting each of packet gate ways (PGWs) 
connected to an IP network and with each 
other and having a router function to any 
mobile communication system side, and man- 
aging a radio cell range composed of one or 
more radio cells (103a-103f) formed in said 
mobile communication system as an IP subnet- 
work (110a, 110b) corresponding to said con- 
nected packet gate way ; 
about a mobile station (102a, 102c, 102d) 
located in a radio cell contained in the corre- 
sponding IP subnetwork to said connected 
packet gate way, obtaining and managing from 
the mobile communication system side con- 
nected to said packet gate way an IP address 
of a data terminal (112a, 112c, 11 2d) con- 
nected with said mobile station and location 
information for indicating the radio cell where 
said mobile station is located; 
about the mobile station connected with a data 
connection whose IP address belongs to the 
corresponding IP subnetwork to another 
packet gate way, selected from the mobile sta- 
tions located in the radio cells contained in the 
corresponding IP subnetwork to said local 
packet gate way. notifying said another packet 
gate way of the fact that the destination of the 
IP packet to the data terminal connected with 
said mobile station is the local packet gate way; 
if the destination of the received IP packet is 
the data terminal connected with the mobile 
station located within any radio cell contained 
in the corresponding IP subnetwork to the local 
packet gate way, transferring the received IP 
packet to said mobile station based on the 
location information managed by the local 
packet gate way; and 

if the destination of the received IP packet is a 
data terminal that has been notified to be the 
destination by another packet gate way, trans- 
ferring the received IP to said another packet 
gate way. 

10. A mobile communication system, comprising: 

a plurality of internet protocol (IP) subnetworks 
(1 10a, 110b) located in an area of said mobile 
communication system (101) itself, each of 
said IP subnetworks containing at least one 
radio cell (103a-103f) located in said area; 
a plurality of packet gate ways (PGWs). each of 
which is allocated to each of said IP subnet- 
works and connected to another IP network 
(109); and 

wherein each of said PGWs includes: 
a memory (213) for storing correspondence 
between location information of a mobile sta- 
tion (102a, 102c, 102d) belonging to the corre- 
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sponding IP subnetwork to said local PGWand 
an IP address of a data terminal (112a, 112c, 
1 12d) connected with said mobile station; and 
a router function, when an IP packet with the IP 
address of said data terminal specified thereto 
is received from said another IP network and IP 
subnetwork, of sending said IP packet to said 
mobile station connected with said data termi- 
nal by referring to said correspondence stored 
in said memory. 

11. The mobile communication system as claimed in 
claim 10. wherein when the mobile station belong- 
ing to the IP subnetwork corresponding to each of 
said PQWs is moved to another IP subnetwork, in 
said memory located in the destination PQW, the 
location information of said mobile station moved 
thereto is an IP address of the PGW corresponding 
to said another IP subnetwork. 

12. The mobile communication system as claimed in 
claim 11, wherein said memory located in each of 
said PGWs further stores correspondence between 
the location information of the mobile station 
belonging to another IP subnetwork having being 
moved to the IP subnetwork corresponding to the 
local PGW and the IP address of the data terminal 
connected to said moved mobile station. 

13. The mobile communication system as claimed in 
claim 10, wherein said mobile station is integrally 
connected with said data terminal. 

14. A packet gate way (PGW) in a mobile communica- 
tion system (101). 

wherein a PGW is located in each of a plural- 
ity of internet protocol (IP) subnetworks (110a. 
110b; 110) located within an area of said mobile 
communication system and containing at least one 
radio cell (103a-103f) within said area, and is con- 
nected to another IP network (109), and 

each of said PWG comprises: 
a memory (213) for storing correspondence 
between location information of a mobile sta- 
tion (102a, 102c, 102d) belonging to the IP 
subnetwork corresponding to the local PGW 
and an IP address of a data terminal connected 
to said mobile station; and 
a router function, when receiving an IP packet 
with the IP address of said data terminal spec- 
ified thereto from said another IP network and 
IP subnetwork, of sending said IP packet to 
said mobile station connected with said data 
terminal by referring to said correspondence 
stored in said memory. 

15. The PGW as claimed in claim 14, wherein when a 



mobile station belonging to a corresponding IP sub- 
network to a local PGW is moved to another IP sub- 
network, in said memory, location information of 
said mobile station moved thereto is made to be an 
5 IP address of the corresponding PGW to said 
another IP subnetwork. 

16. The PGW as claimed in claim 15. wherein said 
memory further stores correspondence between 

io location information of the mobile station belonging 
to another IP subnetwork having moved to the cor- 
responding IP subnetwork to said local PGW and 
an IP address of the data terminal connected with 
said mobile station having moved thereto. 

is 

17. The PGW as claimed in claim 14. wherein said 
mobile station is integrally connected with said data 
terminal. 

20 18. An IP routing method in a mobile communication 
system, comprising the steps of: 

locating a plurality of IP subnetworks (110a. 
1 1 0b) each of which contains at least one radio 
25 cell (103a-103f) in an area of said mobile com- 

munication system; 

providing a packet gate way (PGW) in each of 
said IP subnetworks and connecting said PGW 
to another IP network (109); and 
30 when receiving an IP packet with an IP address 

specified thereto in each of said PGWs, routing 
said IP packet to a corresponding mobile sta- 
tion (102a, 102c. 102d) to said IP address. 

35 19. An IP routing method in a mobile communication 
network, comprising the steps of: 

locating a plurality of IP subnetworks (110a, 
1 1 0b) each of which contains at least one radio 
40 cell (I03a-I03f) within an area of said mobile 

communication system; 

providing a packet gate way (PGW) in each of 
said IP subnetworks and connecting said PGW 
to another IP network (109); 

45 in each of said plural PGWs. storing corre- 

spondence between location information of a 
mobile station (102a, 102c, 102d) belonging to 
the corresponding IP subnetwork to the local 
PGW and an IP address of a data terminal 

so (1 1 2a, 1 1 2c, 1 1 2d) connected with said mobile 

station; and 

in each of said plural PGWs, when receiving an 
IP packet with an IP address of said data termi- 
nal specified thereto from said another IP net- 
55 work or IP subnetwork routing said IP packet 

to said mobile station connected with said data 
terminal by referring to said correspondence 
stored in said memory. 
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